combined offshore renewable energies is fundamental to boosting their development.
23
The objective of this paper is to determine suitable locations for deploying a co-located 24 wind and wave energy farm in the North Sea ⎯ an area with several characteristics that 25 make large-scale integration of renewable energy sources attractive. In this assessment 26 we investigate not only the existing resource but also other parameters such as its 27 variability and the correlation between waves and winds by means of the CLF index. In synergies such as the so-called shadow effect [30, 31] .
113
According to the degree of connectivity between the offshore wind turbines and Wave
114
Energy Converters (WECs) combined wave-wind systems can be classified into: co-115 located, hybrid and islands systems [32] . Due to the current state of development of 116 both technologies, the co-location of WECs into a conventional offshore wind farm is 117 regarded as the best option [32] , which combines an offshore wind farm and a WEC 118 array with independent foundation systems but sharing the same marine area, grid 119 connection, crafts and crews involved in operation and maintenance tasks, etc.
120
As was proved in [33] , the possibility of taking advantage of the above synergies will 121 depend on the location considered for the deployment of the co-located farm. wind data provided by buoys along the North Sea coast ( Figure 3 , Table 2 ). The most relevant parameters during the study period are shown in Tables 3 and 4 for   222 waves and wind, respectively, on the basis of the model output ⎯ these are shown for 15
223
representative points of the total 60 points analysed in this study. and T e is the energy period which is defined in terms of spectral moments as:
224
where m n represents the spectral moment of order n, which is given by
where f is the wave frequency and E = E(f, ) is the energy density with the 247 propagation direction.
249
The energy period T e can be estimated based on the peak period (T p ) as [58] :
The coefficient α depends on the shape of the wave spectrum. For instance, α = 0.86 for 252 a Pierson-Moskowitz spectrum, and α increases toward unity with decreasing spectral 253 width [58] . In this study, the assumption of α = 0.90 or T e = 0.9T p was adopted, which is 254 equivalent to assuming a standard JONSWAP spectrum with a peak enhancement factor 255 of γ = 3.3.
256
The variability of the available power was analysed through statistical indicators such as since it focuses on the opportunity to smooth the power output and avoid downtime 265 periods through co-located wind-wave energy farms.
where μ x , μ y and σ x , σ y are the mean and the standard deviation of x and y, respectively.
268
In this work, x(k) and y(k) are, respectively, the wind and wave raw power , P and J.
269
To encompass all these factors when searching for the best location for a co-located 
Overlap with other activities, restricted areas and other considerations

329
Therefore, the challenge is to find space for offshore renewable projects that balances 330 the need for low cost renewable energy against the needs of these other, so called, non-331 wind sea uses. and Danish coasts ⎯ were at the same time good locations in terms of wave power.
361
Although the potential power production is one of the most important parameters when In view of the above, there was not a location with optimal conditions with regard to all 9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  59 CLF i
Site no. another, but the greatest conflict with offshore projects would come from heavy fishing,
444
especially for the cables of the energy parks. which is not an exclusion area, but far enough to avoid conflicts between both activities.
495
Furthermore, both sites did not interfere with any oil and gas platforms or pipelines in 496 the near vicinity, while they were close to offshore cables that could be harnessed to the 497 electrical installation of the co-located farm, particularly site no. 10. 
Best location for a co-located farm
522
With regard to the wave and wind resource site no. 7 emerged as the best location for 523 deploying a co-located farm, followed by site no. 10. These points were located in the
524
Danish coast in water depths around 20-30 m, and with distances to shore of 10 km and 525 35 km for sites no. 10 and 7, respectively, which is similar to operational wind farms.
526
Both sites are in line with current technical and economic limitations, and do not 527 overlap with traditional sea activities, which is important for avoiding conflict between 528 users. Moreover, these sites are close to a number of Danish ports (Figure 13 ), e.g.
529
Esbjerg, which is important both for construction and maintenance. Although both locations showed numerous favourable characteristics for installing a co-533 location farm, the proximity to shore and offshore cables makes site no. 10 stand out as 534 the best location for a co-located wave and wind farm in the North Sea. It was found 535 that the predominant wave direction (Figure 14) in this location during the study period 536 was 315º, which also corresponded to the predominant wave production (Figure 14) .
537
The east side is sheltered by the Danish coast itself so the potential decreases clearly 
Conclusions
573
The aim of this work was to identify the best location to deploy a co-located wave and no relevant interferences were found. In addition, they were close to submarine cables 598 that could be used as part of the electric installation of the co-located farm, leading to 599 savings. Moreover, it was noticed that these points were not in natural protected areas.
600
Finally, site no. 10 (56ºN, 8ºE) was chosen as the best location. Apart from having great 
